1 



-J 



® 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
24 January 2008 (24.01.2008) 




PCT 



(10) International Publication Number 

WO 2008/010222 A2 



(51) International Patent Classification: 

A61K 45/06 (2006.01) A61P 25/24 (2006.01) 
A61K 47/48 (2006.01) A61P 25/22 (2006.01) 
A61P 25/18 (2006.01) A61P 25/16 (2006.01) 
A61P 25/28 (2006.01) A61P 25/14 (2006.01) 

(21) International Application Number: 

PCT/IL2007/000902 

(22) International Filing Date: 17 July 2007 (17.07.2007) 



(25) Filing Language: 

(26) Publication Language: 

(30) Priority Data: 

60/831,192 
60/831,195 



English 
English 



17 July 2006 (17.07.2006) US 
17 July 2006 (17.07.2006) US 



(71) Applicants (for all designated States except US) : RAMOT 
AT TEL AVIV UNIVERSITY LTD. [IL/IL]; 32 Haim 
Levanon Street, 69975 Tel-Aviv (IL). BAR-ILAN 
UNIVERSITY [IL/IL]; At Bar-Ilan University, 52900 
Ramat-Gan (IL). BIOL1NERX LTD. [IL/IL]; 19 Hartum 
Street, P.O. Box 45158, 91450 Jerusalem (IL). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): NUDELMAN, 
Abraham [MX/IL]; 15 Miller Street, 76284 Rechovot 
(IL). REPHAELI, Ada [II7IL]; 10 HaNuriot Street, 
46726 Herzlia (EL). GIL-AD, Irit [IL/IL]; 22 HaHis- 
tadrut Street, 46420 Herzlia (TL). WEIZMAN, Abraham 
[IL/IL]; 8 Geiger Street, 69341 Tel-Aviv (IL). LIFSHTTZ, 
Ran [IL/IL]; 39 Aharonson Street, 52293 Ramat-Gan (IL). 



WINKLER, Ilan [IL/IL]; 12 HaZayit Street, 73133 Lapid 
(IL). 

(74) Agents: G.E. EHRLICH (1995) LTD. et ah; 11 Men- 
achem Begin Street, 52521 Ramat Gan (IL). 

(81) Designated States (unless otherwise indicated, for every 
kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, B A, BB, BG, BH, BR, BW, BY, BZ, CA, CH, 
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG, 
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, 
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, 
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, 
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, 
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, 
TJ, TM, TN, TR, IT, TZ, UA, UG, US, UZ, VC, VN, ZA, 
ZM, ZW. 

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH, 
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL, 
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: NOVEL CONJUGATES, PHARMACEUTICAL COMPOSITIONS INCLUDING SAME AND USES THEREOF 

(57) Abstract: Novel conjugates of a gamma-ami no butyric acid (GAB A) compound or a glycine compound and an analgesic drug 
are disclosed. Further disclosed are pharmaceutical compositions containing these conjugates and uses thereof in the treatment of 
CNS -associated diseases or disorders. 



00 



O 



WO 2008/010222 PCT/IL2007/000902 

NOVEL CONJUGATES, PHARMACEUTICAL COMPOSITIONS INCLUDING 

SAME AND USES THEREOF 

FIELD AND BACKGROUND OF THE INVENTION 
5 The present invention relates to the field of pharmacology and more 

particularly, to novel conjugates, pharmaceutical compositions including same and to 
uses thereof for treating CNS-associated diseases and disorders. 

y-Aminobutyric acid (GABA) is one of the major inhibitory transmitters in 
the central nervous system of mammals. GABA is not transported efficiently into the 
10 brain from the bloodstream because of poor transport properties that prevent passage 
through the blood-brain barrier. Consequently, brain cells synthesize virtually all of 
the GABA found in the brain (by decarboxylation of glutamic acid with pyridoxal 
phosphate). 

GABA regulates neuronal excitability through binding to specific membrane 

15 proteins (i.e., GABA receptors), which results in opening of an ion channel. The 
entry of chloride ion through the ion channel leads to hyperpolarization of the 
recipient cell, which consequently prevents transmission of nerve impulses to other 
cells. Low levels of GABA have been observed in individuals suffering from 
epileptic seizures, motion disorders (e.g., Parkinson's disease, Multiple Sclerosis, 

20 action tremors, tardive dyskinesia), panic, anxiety, depression, alcoholism and manic 
behavior. Administering GABA to the brain is therefore expected to improve 
symptoms of these diseases and disorders. 

Unfortunately, the clinical use of GABA for treating CNS-associated diseases 
or disorders is presently limited since the GABA molecule includes hydrophilic 

25 functional groups (e.g., a free carboxylic acid group and a free amino group) and 
therefore does not readily cross the blood brain barrier (BBB). 

Recent studies on extrapyramidal symptoms suggest that GABA may reduce 
side effects of psychotropic drugs, and particularly side effects induced by 
neuroleptics. Psychotropic drugs are pharmacological agents which act mainly in the 

30 central nervous system (CNS) by modulating neuronal signals transduction. 
Unfortunately, the administration of psychotropic drugs is often associated with 
adverse side effects which severely limit their use. A comprehensive list of such side 
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effects can be found, for example, in "The Merck Manual of Medical Information" 
(Merck & Co. Inc.). 

Furthermore, previous studies have suggested that GABA can interfere with 
other brain neurotransmitters and, in particular, with the dopamine system. Thus, it 
5 was found that GABA can antagonize the neuroleptic-induced increase of dopamine 
receptors sensitivity and is therefore capable of improving neuroleptic-induced 
dyskinesia (Lloyd et al. 9 Pharmacol. Biochem. Behav. 18: 957-66, 1983). 

In addition, it was found that some known direct GABA agonists (e.g., 
muscimol and SL 76002) cause a biphasic effect on haloperidol-induced catalepsy, 
10 such that while low doses of the agonist inhibit the stereotypic catalepsy behavior, 
high doses of the agonist potentiate the haloperidol-induced catalepsy. Other studies 
have reported that GABA agonists further induce anti-convulsive activity (Capasso et 
al. 9 Eur. Neuropsychopharmacol. 7: 57-63, 1997). 

Thus, while GABA, as well as other GABA agonists, can serve as highly 
15 potent agents for treating, interfering or otherwise beneficially affecting CNS- 
associated conditions (e.g., by reducing side effects induced by psychotropic drugs), 
the use of these compounds is limited by their low permeability through the blood 
brain barrier and hence by poor delivery of such compounds into the brain. 

A series of conjugates of psychotropic drugs and GABA and their use in the 
20 treatment of psychotic and/or proliferative diseases and disorders are described in 
detail in International Patent Applications published as WO 03/026563 and WO 
2005/092392 and in U.S. Patent Application No. 20040242570, which are all 
incorporated by reference as if fully set forth herein. 

Glycine is another important inhibitory transmitter in the central nervous 
25 system of mammals. Similarly to GABA, glycine is not transported efficiently into 
the brain from the bloodstream since the glycine molecule includes hydrophilic 
functional groups (a free carboxylic acid group and a free amino group) and therefore 
does not readily cross the blood-brain barrier (BBB). 

Glycine regulates neuronal excitability through binding to strychnine- 
30 sensitive and strychnine-insensitive glycine binding sites. The strychnine-insensitive 
glycine binding site is located on the N-methyl-D-aspartate (NMDA) receptor 
complex. Glycine binds with high affinity to this site, leading to opening of an ion 
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channel. The entry of chloride ion through the ion channel leads to hyperpolarization 
of the recipient cell, which consequently prevents transmission of nerve impulses to 
other cells. 

Despite its poor capacity to cross the BBB, glycine in high doses may be 
5 beneficial in the management of CNS diseases and disorders. 

Accordingly, high-dose glycine supplementation has been shown to improve 
the "negative symptoms" of schizophrenia (such as "flat" emotional expression, 
depression, poverty of speech, apathy, and social withdrawal). Glycine also appears 
to boost the efficacy, and reduce the side-effects, of schizophrenia medications 
10 (Heresco-Levy et al., Arch Gen Psychiatry. 56:29-36, 1999; Coyle and Tsai, 
Psychopharmacology 174:32-38, 2004; Shoham et al., Brain Res. 1004:142-147, 
2004). 

Glycine has also been shown to reduce convulsive seizures per se (de 
Kooning et al., Ann. Neurol 44:261-265, 1998; Toth and Lajtha, Neurochem Res. 
15 9:1711-1718, 1 984) or to potentiate the efficiency of anti-convulsive drugs (Liu et al., 
Eur J Pharmacol. 182:109-15, 1990). 

In addition, glycine supplementation has been shown to improve learning and 
cognition in healthy human adults (File et al., J. Clin. Psychopharmacol 19:506-512, 
1999). 

20 U.S. Patent No. 4,639,468 describes the compound 2-N- 

pentylaminoacetamide (milacemide) which crosses the BBB and acts as a glycine 
prodrug to deliver glycine to the brain. Milacemide is metabolized by monoamine 
oxidase B (MAO-B) to glycinamide which in turn is converted to glycine. 

25 SUMMARY OF THE INVENTION 

The present invention provides a novel approach for delivering a GABA 
compound and/or a glycine compound into brain tissues, to thereby treat CNS- 
associated diseases or disorders, reduce adverse side effects induced by CNS-acting 
agents (e.g., psychotropic drugs) and/or enhance the therapeutic activity of CNS- 
30 acting agents (e.g., psychotropic drugs). 

This approach is based on coupling a GABA compound, as defined herein, or 
a glycine compound, as defined herein, to a molecule such as an analgesic, so as to 
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provide a novel conjugate which would penetrate the BBB and thus would release 
both the GABA compound or the glycine compound and an analgesic in brain tissues. 
Such a conjugate can exhibit a therapeutic activity by e.g., inhibiting 
neurotransmitters in the GABA system and/or by exerting an analgesic activity in the 
5 central nervous system, or can be combined with another CNS-acting agent, so as to 
provide an added therapeutic value, to enhance the therapeutic activity of the agent, 
and/or to reduce side effects induced by the agent. 

Thus, according to one aspect of the present invention there is provided a 
conjugate comprising a first moiety being covalently linked to a second moiety, 
10 wherein the first moiety is a y-aminobutyric acid (GABA) compound or a glycine 
compound and the second moiety is an analgesic drug. 

According to further features in embodiments of the invention described 
below, the analgesic drug is a non-steroidal anti-inflammatory drug. 

According to still further features in the described embodiments the analgesic 
15 drug is a CNS-acting analgesic drug. 

According to still further features in the described embodiments the CNS- 
acting analgesic drug is acting upon the opioid response system. 

According to still further features in the described embodiments the CNS- 
acting analgesic drug is incapable of acting upon the opioid response system. 
20 According to still further features in the described embodiments the CNS- 

acting analgesic drug is acetaminophen. 

According to still further features in the described embodiments the first and 
second moieties are linked therebetween via a covalent bond selected from the group 
consisting of a carboxylic ester bond, an alkyloxy carboxylic ester bond, an amide 
25 bond, an imine bond and a thioester bond. 

According to still further features in the described embodiments the covalent 
bond is a carboxylic ester bond. 

According to still further features in the described embodiments the first 
moiety is GABA, the second moiety is acetaminophen, and further, the GABA and 
30 the acetaminophen are linked via a carboxylic ester bond. 

According to still further features in the described embodiments the first 
moiety is glycine, the second moiety is acetaminophen, and further, the glycine and 
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the acetaminophen are linked via a carboxylic ester bond. 

According to still further features in the described embodiments the first 
moiety is selected from the group consisting of a radiolabeled y-aminobutyric acid 
(GABA) compound (e.g., a radiolabeled GABA) and a radiolabeled glycine 
5 compound (e.g., a radiolabeled glycine). 

In embodiments of the present invention, the following compounds are 
provided: 

An acetaminophen-GABA conjugate having the formula: 



10 




An acetaminophen-glycine conjugate having the formula: 




15 

According to another aspect of the present invention there is provided a 
pharmaceutical composition comprising, as an active ingredient, any of the 
conjugates described herein and a pharmaceutically acceptable carrier. 

According to further features in embodiments of the invention described 
20 below, the pharmaceutical composition further comprising a CNS-acting agent. 

According to still further features in the described embodiments the analgesic 
drug is a CNS-acting analgesic drug that is incapable of acting upon the opioid 
response system. 

According to further features in embodiments of the invention described 
25 below, the CNS-acting agent is a psychotropic drug. 

According to still further features in the described embodiments, the 
psychotropic drug is selected from the group consisting of an anti-psychotic drug, an 
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anxiolytic drug, an anti-depressant drug, an anti-convulsive drug, an anti- 
parkinsonian drug, an acetylcholine esterase inhibitor, a MAO inhibitor, a selective 
serotonin reuptake inhibitor (SSRI) and a selective noradrenalin replace inhibitor 
(SNRI). 

5 According to still further features in the described embodiments, a molar 

ratio of the conjugate and the CNS-acting agent ranges from about 1:100 to about 
100:1, preferably from about 1:10 to about 10:1, and more preferably is about 1:1. 

According to still further features in the described embodiments, the 
pharmaceutical composition is packaged in a packaging material and identified in 

10 print, in or on the packaging material, for use in the treatment of a CNS-associated 
disease or disorder, for reducing side effects induced by a psychotropic drug and/or 
for enhancing the therapeutic efficacy of a psychotropic drug. 

According to yet another aspect of the present invention there is provided an 
article-of-manufacturing comprising the pharmaceutical composition, as described 

15 herein, being packaged in a packaging material and identified in print, on or in the 
packaging material, for use in the treatment of a CNS-associated disease or disorder, 
for reducing side effects induced by a CNS-acting agent (e.g., a psychotropic drug) 
and/or for enhancing the therapeutic efficacy of a CNS-acting agent (e.g., a 
psychotropic drug). 

20 According to further features in embodiments of the invention described 

below, the conjugate and the CNS-acting agent are jointly contained within a single 
object. 

According to still further features in the described embodiments, the single 
object is a tablet or a capsule. 
25 According to still further features in the described embodiments, the 

conjugate and the CNS-acting agent are separately contained within different objects. 

According to still further features in the described embodiments, each of the 
objects is independently a tablet or a capsule. 

According to still further features in the described embodiments the CNS- 
30 associated disease or disorder is selected from the group consisting of a pain 
disorder, an anxiety disorder, a depression, a dissociative disorder, a personality 
disorder, a cognitive disorder, a mood disorder, an affective disorder, a 
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neurodegenerative disease or disorder, a convulsive disorder, Parkinson's disease, 
Alzheimer's disease and epilepsy. 

According to still another aspect of the present invention there is provided 
use of any the conjugates described herein in the preparation of a medicament. 

According to further features in embodiments of the invention described 
below, the medicament is for treating a CNS-associated disease or disorder. 

According to still further features in the described embodiments, the 
medicament is for reducing a side effect induced by a CNS-acting agent. 

According to still further features in the described embodiments, the 
medicament is for enhancing a therapeutic activity of a CNS-acting agent. 

According to an additional aspect of the present invention there is provided a 
method of treating a CNS-associated disease or disorder, the method comprising 
administering to a subject in need thereof a therapeutically effective amount of the 
conjugate described herein, thereby treating the CNS-associated disease or disorder, 
as described herein. 

According to further features in embodiments of the invention described 
below, the conjugate forms a part of a pharmaceutical composition which further 
comprises a pharmaceutically acceptable carrier. 

According to yet an additional aspect of the present invention there is 
provided a method of reducing an adverse side effect induced by a CNS-acting 
agent, the method comprising administering to a subject in need thereof, in 
combination with the CNS-acting agent, a therapeutically effective amount of the 
conjugate described herein, thereby reducing the adverse side effect induced by the 
CNS-acting agent. 

According to further features in embodiments of the invention described 
below, the conjugate forms a part of a pharmaceutical composition which further 
comprises a pharmaceutically acceptable carrier. 

According to still further features in the described embodiments, the 
pharmaceutical composition further comprises the CNS-acting agent. 

According to still further features in the described embodiments, the 
conjugate is administered prior to, concomitant with or subsequent to administering 
the CNS-acting agent. 



WO 2008/010222 



PCT/1L2007/000902 



8 

According to still further features in the described embodiments, the CNS- 
acting agent is a psychotropic drug. 

According to still further features in the described embodiments, the adverse 
side effect is selected from the group consisting of rigidity, tremor, bradykinesia, 
bradyphrenia, tardive dyskinesia, catalepsy, acute dysfonic reactions and akathasia. 

According to still an additional aspect of the present invention there is 
provided a method of enhancing the therapeutic activity of a CNS-acting agent, the 
method comprising administering to a subject in need thereof, in combination with 
the CNS-acting agent, a therapeutically effective amount of the conjugate described 
therein, thereby enhancing the therapeutic activity of the CNS-acting agent. 

According to further features in embodiments of the invention described 
below, the conjugate forms a part of a pharmaceutical composition that further 
comprises a pharmaceutically acceptable carrier. 

According to still further features in the described embodiments, the 
pharmaceutical composition further comprises a CNS-acting agent. 

According to still further features in the described embodiments, the 
conjugate is administered prior to, concomitant with or subsequent to administering 
the CNS-acting agent. 

According to still further features in the described embodiments, the CNS- 
acting agent is a psychotropic drug. 

According to a further aspect of the present invention there is provided a 
method of treating a CNS-associated disease or disorder, as described herein, the 
method comprising administering to a subject in need thereof a therapeutically 
effective amount of a CNS-acting agent and a therapeutically effective amount of a 
conjugate as described herein. 

According to further features in embodiments of the invention described 
below, the conjugate is administered prior to, concomitant with or subsequent to 
administering the CNS-acting agent. 

According to still further features in the described embodiments, the CNS- 
acting agent is a psychotropic drug. 

According to still a further aspect of the present invention there is provided a 
method of determining a concentration of a conjugate which comprises a first moiety 
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being covalently linked to a second moiety, wherein the first moiety is a y- 
aminobutyric acid (GAB A) compound or a glycine compound and the second moiety 
is an analgesic drug and/or a concentration of the first moiety upon being released 
from the conjugate, in a tissue of a subject, the method comprising: 

administering to the subject a pre-determined amount of a radiolabeled 
conjugate which comprises a radiolabeled first moiety being covalently linked to a 
second moiety, wherein the first moiety is a radiolabeled y-aminobutyric acid 
(GABA) compound or a radiolabeled glycine compound and the second moiety is an 
analgesic drug; and 

determining a concentration of the radiolabeled conjugate and/or the 
radiolabeled first moiety in the tissue. 

Unless otherwise defined, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although methods and materials similar or equivalent 
to those described herein can be used in the practice or testing of the present 
invention, suitable methods and materials are described below. In case of conflict, 
the patent specification, including definitions, will control. In addition, the 
materials, methods, and examples are illustrative only and not intended to be 
limiting. 

As used herein, the singular form "a," "an," and "the" include plural 
references unless the context clearly dictates otherwise. For example, the term "a 
compound" or "at least one compound" may include a plurality of compounds, 
including mixtures thereof. 

Throughout this disclosure, various aspects of this invention can be presented 
in a range format. It should be understood that the description in range format is 
merely for convenience and brevity and should not be construed as an inflexible 
limitation on the scope of the invention. Accordingly, the description of a range 
should be considered to have specifically disclosed all the possible subranges as well 
as individual numerical values within that range. For example, description of a 
range such as from 1 to 6 should be considered to have specifically disclosed 
subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, 
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from 3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 
3, 4, 5, and 6. This applies regardless of the breadth of the range. 

Whenever a numerical range is indicated herein, it is meant to include any 
cited numeral (fractional or integral) within the indicated range. The phrases 
"ranging/ranges between" a first indicate number and a second indicate number and 
"ranging/ranges from" a first indicate number "to" a second indicate number are 
used herein interchangeably and are meant to include the first and second indicated 
numbers and all the fractional and integral numerals therebetween. 

As used herein the term "about" refers to ± 10 %. 

The term "comprising" means that other steps and ingredients that do not 
affect the final result can be added. This term encompasses the terms "consisting of* 
and "consisting essentially of \ 

The phrase "consisting essentially of means that the composition or method 
may include additional ingredients and/or steps, but only if the additional ingredients 
and/or steps do not materially alter the basic and novel characteristics of the claimed 
composition or method. 

The term "method" refers to manners, means, techniques and procedures for 
accomplishing a given task including, but not limited to, those manners, means, 
techniques and procedures either known to, or readily developed from known 
manners, means, techniques and procedures by practitioners of the chemical, 
pharmacological, biological, biochemical and medical arts. 

The term "active ingredient" refers to a pharmaceutical agent including any 
natural or synthetic chemical substance that subsequent to its application has, at the 
very least, at least one desired pharmaceutical or therapeutic effect. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of conjugates capable of carrying a GABA 
compound or a glycine compound across the blood-brain barrier (BBB) and which 
can be used in the treatment of CNS-associated diseases or disorders, either alone or 
in combination with a CNS-acting agent. Specifically, the present invention is of 
conjugates of a GABA compound or a glycine compound and an analgesic drug, 
processes of preparing these conjugates, pharmaceutical compositions containing 
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these conjugates and uses thereof for treating CNS-associated diseases and 
disorders, for improving efficiency of CNS-acting agents and/or for reducing 
adverse side effects of CNS-acting agents. 

The principles and operation of the present invention may be better 

5 understood with reference to the accompanying descriptions. 

Before explaining at least one embodiment of the invention in detail, it is to 
be understood that the invention is not limited in its application to the details of 
construction and the arrangement of the components set forth in the following 
description. The invention is capable of other embodiments or of being practiced or 

10 carried out in various ways. Also, it is to be understood that the phraseology and 
terminology employed herein is for the purpose of description and should not be 
regarded as limiting. 

The present inventors have designed and successfully prepared and practiced 
a novel methodology which allows the administration GABA or any GABA 

15 compound, as defined herein, by conjugating the GABA compound to a moiety that 
serves as a carrier of the GABA compound, such that the resulting conjugate would 
be capable of delivering the GABA compound to the brain tissues. 

In the conjugates described herein, GABA or a GABA compound is attached 
to a carrier molecule, which is selected so as to enable the conjugate to cross the 

20 BBB and release GABA (or a GABA compound) in the brain tissues (and thus 
delivering the GABA compound to brain tissues). These conjugates can be utilized, 
either alone, or in combination with another therapy (e.g., psychotropic drugs), in 
treating, interfering or otherwise beneficially affecting various CNS-associated 
conditions. 

25 Utilizing such conjugates, in combination with a psychotropic drug, enables 

(i) to use in such a combined therapy a variety of psychotropic drugs, regardless of 
their chemical compatibility in forming covalent bonds with GABA (or any GABA 
compound); (ii) to practice in such a combined therapy versatile molar ratios of the 
psychotropic drug and the conjugate, so as to achieve an optimal efficacy of the 

30 combined therapy; and (iii) to practice a pre-determined, distinctly-timed 
administration of the components so as to achieve an optimal efficacy of the 
combined therapy. 
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The novel methodology described herein can be further utilized to provide 
conjugates of glycine (or a glycine compound) and a moiety that serves as a carrier 
thereof, which are capable of delivering the glycine compound to the brain tissues, 
and thus can be utilized in treating CNS diseases and disorders. 
5 The above methodology has been practiced by conjugating a GAB A 

compound or a glycine compound to an analgesic. The analgesic serves as an 
efficient carrier molecule for delivering a GABA compound or a glycine compound 
to the brain. 

As is well-known in the art, analgesics (otherwise known as pain killers) is a 
10 collective term used to describe members in the diverse group of drugs used to 
relieve pain. Analgesic drugs act via various pathways on the peripheral and central 
nervous system. Analgesics can be divided into non-narcotic drugs, such as 
acetaminophen (paracetamol) and non-steroidal anti-inflammatory drugs (e.g., 
aspirin, naproxen, etc.) and narcotic drugs such as morphine and synthetic drugs 
15 with narcotic properties such as tramadol. 

Preferred analgesics are CNS-acting analgesics, which are known to be 
capable of exerting therapeutic activity (e.g., analgesic and/or antipyretic) is in the 
CNS. 

An example of a CNS-acting analgesic is acetaminophen, which is known to 
20 penetrate the BBB. Thus, an exemplary conjugate according to the present 
embodiments is an ester-linked acetaminophen-GABA conjugate. By conjugating 
GABA to acetaminophen via an ester bond, the hydrophilic nature of GABA is 
reduced due to the participation of the free carboxylic group in GABA in the ester 
bond. Such a novel conjugate can be freely administered alone, so as to exert 
25 therapeutic activities associated with GABA, or in combination with existing 
psychotropic drugs, so as to exert GABA-associated therapeutic activity, to enhance 
the therapeutic activity of the psychotropic drugs and/or to reduce adverse side 
effects induced by the psychotropic drugs. 

Another exemplary conjugate according to the present embodiments is an 
30 ester-linked acetaminophen-glycine conjugate. 

Thus, according to one aspect of the present invention, there is provided a 
conjugate which comprises a first moiety and a second moiety being covalently 
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linked therebetween, whereby the first moiety is a y-aminobutyric acid (GABA) 
compound or a glycine compound and the second moiety is an analgesic drug. 

According to one embodiment of this aspect of the present invention, the 
first moiety and the second moiety, as well as the covalent bond linking 
5 therebetween, are selected such that the conjugate is incapable of releasing a 
formaldehyde molecule and/or a formaldehyde analog molecule upon cleavage. 

As used herein, the term "moiety" describes a compound that has a 
pharmacological activity. When described in the context of the conjugates 
presented herein, this term is understood to include a major portion of a molecule 
10 which is covalently linked to another molecule, preferably while maintaining the 
activity of the molecule. 

The term "derivative" describes a compound which has been subjected to a 
chemical modification while maintaining its main structural features. Such chemical 
modifications can include, for example, replacement of one or more substituents 
15 and/or one or more functional moieties, oxidation, reduction, and the like. 

As used herein, the phrase "analgesic drug", which is also referred to herein 
interchangeably as "analgesic", encompasses any drug which is capable of relieving 
pain in a subject, as is detailed hereinabove. Excluded from the scope of the present 
invention, however, are anti-depressants, anticonvulsants and anti-anxiety drugs, as 
20 well as other psychotropic drugs which, although typically not considered as 
analgesics, may exhibit an analgesic activity and hence may be used to treat a 
neuropathic pain. 

Herein throughout, the phrase "analgesic drug" or "analgesic" is used to 
describe both the analgesic drug and any derivative thereof, as this term is defined 
25 herein, unless otherwise indicated. 

An analgesic drug, according to the present embodiments, can be a non- 
steroidal anti-inflammatory (NSAID) drug. NSAIDs act by inhibiting 
cyclooxygenase, to thereby decrease prostaglandin production and as a result affect 
pain and inflammation. Representative examples of NSAIDs include, but are not 
30 limited to, bromfenac, diclofenac, diflunizal, etodolac, mefenamic, meloxicam, 
oxyphenbutazone, piroxicam, celecoxib, valdecoxib or any derivative thereof. 

Preferably, the analgesic drug, according to the present embodiments, is a 
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CNS-acting analgesic drug. 

The phrase "CNS-acting analgesic drug" (also referred to herein 
interchangeably as "CNS-acting analgesic", as used herein, describes an analgesic 
drug that is capable of acting on the central nervous system. 

According to one embodiment, a CNS-acting analgesic drug or a derivative 
thereof, according to the present embodiments, is selected incapable of exerting a 
non-analgesic and/or non-antipyretic psychotropic activity (e.g., selected incapable 
of exerting anti-psychotic, anti-depressants, anti-convulsants, or anti-anxiety 
activities). 

As is well-known in the art, many CNS-acting analgesics typically act upon 
the opioid response system. As used herein, the phrase "CNS-acting agent acting 
upon the opioid response system" refers to a drug that acts by binding to an opioid 
receptor in the central nervous system. These drugs are commonly referred to as 
opioids and are considered as narcotic analgesics. Representative examples-of such 
CNS-acting analgesic drugs include, but are not limited to, morphine, codeine, 
hydrocodone, hydromorphone, levorphanol, oxycodone, oxymorphone, naloxone, 
naltrexone, alfentanil, buprenorphine, butorphanol, dezocine, fentanyl, meperidine, 
methadone, nalbuphine, pentazocine, propoxyphene, sufentanil, tramadol or any 
derivative thereof. 

Some CNS-acting analgesics, however, are not acting upon the opioid 
response system and are typically considered as non-narcotic analgesics. Thus, in 
one embodiment, the CNS-acting analgesic in the conjugate is not acting upon the 
opioid response system. Exemplary such non-opioid CNS-acting analgesic drugs 
include, but are not limited to, acetaminophen and derivatives thereof. 

Acetaminophen, also known as N-acetyl-para-aminophenol (APAP) or 
paracetamol, is a widely used analgesic drug. Acetaminophen acts in the CNS and is 
characterized by highly efficient anti-pyretic activity. It is not addictive and has an 
excellent safety profile. The maximum daily dose of acetaminophen allowed in 
adults without prescription is 4,000 mg. 

As used herein throughout, the phrase "a GABA compound" encompasses 
GABA itself, any derivative thereof, as well as GABA agonists and any derivatives 
thereof, as defined herein. 
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As used herein, the phrase "GABA agonist" encompasses compounds that are 
capable of activating the GABA system in the brain, either directly or indirectly, 
including compounds that directly bind the GABA receptor or to any other receptor 
that affects the GABA system, and are therefore pharmacologically related to GABA. 
5 GABA agonists, according to the present embodiments, include any GABA 

agonist which can be covalently coupled to an analgesic drug or a derivative thereof 
either as is or upon derivatization (so as to produce a derivative thereof). 

The phrase "a glycine compound", as used herein, encompasses glycine, as 
well as derivatives thereof, as defined herein. 
10 Any of the novel conjugates presented herein therefore comprises a GABA 

compound or a glycine compound (being the first moiety), as detailed hereinabove, 
and an analgesic drug or a derivative thereof (being the second moiety), as detailed 
hereinabove, whereby these moieties are covalently attached to one another. 

In one embodiment, the first moiety is GABA. 
15 In another embodiment, the first moiety is glycine. 

In other embodiments of the present invention, the first and second are 
attached to one another via a covalent bond that is selected or designed capable of 
dissociating following crossing of the blood-brain barrier. 

Thus, the covalent bond linking the first and the second moieties is preferably 
20 selected or designed such that (i) it is not susceptible to dissociation (e.g., by 
enzymatic reactions) in the periphery and hence the conjugate remains substantially 
intact before crossing the BBB; and (ii) it is susceptible to dissociation in brain 
tissues (e.g., by brain derived enzymes), and hence the conjugate dissociates 
following crossing the BBB. 
25 A suitable bond can be, for example, a carboxylic ester bond, an oxyalkyl 

carboxylic ester bond, an amide bond, a thioester bond, a glycoside bond, a 
carbonate bond, a carbamate bond, a thiocarbamate bond, an imine bond, a urea 
bond or a thiourea bond. 

As used herein, a "carboxylic ester bond" describes an "-0-C(=0)-" bond. 
30 As used herein, an "oxyalkyl carboxylic ester bond" describes an "O-R-O- 

C(=0)-" bond, where R is an alkylene, as defined hereinabove. Preferably R is any 
alkylene other than methylene. 
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An "amide bond" describes a "-NR f -C(=0)-" bond, where R ? is hydrogen, 
alkyl, cycloalkyl or aryl, as defined herein. 

A "thioester bond" describes a "-SR*-C(=0)-" bond, where R' is as defined 

herein. 

5 A "glycoside bond" describes a -R-O-R- bond, where each R can 

independently be alkylene, such as methylene, or absent. 
A "carbonate bond" describes a -C(=0)- bond. 

A "carbamate bond" describes a -0-C(=0)-NR f - bond, where R' is as defined 

herein. 

10 A "thiocarbamate bond" describes a -0-C(=S)-NR*- bond, where R' is as 

defined herein. 

A "urea bond" describes a -NR^C^-NR*- bond, where R' is as defined 
herein and R" is as defined herein for R'. 

A "thiourea bond" describes a -NR^C(=S)-NR" bond, with R' and R" as 
15 defined herein. 

As used herein, the term "imine bond" describes a -C=NH- bond. An imine 
bond is also known in the art as a "Schiffbase". 

As used herein, the term "alkyl" describes a saturated aliphatic hydrocarbon 
chain including straight chain and branched chain groups. Preferably, the alkyl 
20 group has 1 to 20 carbon atoms. Whenever a numerical range, e.g., "1-20", is stated 
herein, it means that the group, in this case the alkyl group, may contain 1 carbon 
atom, 2 carbon atoms, 3 carbon atoms, etc., up to and including 20 carbon atoms. 
More preferably, the alkyl is a medium size alkyl having 1 to 10 carbon atoms. Most 
preferably, the alkyl has 1 to 5 carbon atoms. 
25 The term "alkylene" describes an alkyl group that is linked to two other 

groups. Thus, the term ethylene, for example, describes a — CH2CH2- group. 

As used herein, the term "cycloalkyl" describes an all-carbon monocyclic or 
fused ring (i.e., rings which share an adjacent pair of carbon atoms) group wherein 
one of more of the rings does not have a completely conjugated pi-electron system. 
30 Examples, without limitation, of cycloalkyl groups include cyclopropane, 
cyclobutane, cyclopentane, cyclopentene, cyclohexane, cyclohexadiene, 
cycloheptane, cycloheptatriene and adamantane. 



WO 2008/010222 PCT/IL2007/000902 

17 

As used herein, the term "aryl" describes an all-carbon monocyclic or fused- 
ring polycyclic (i.e., rings which share adjacent pairs of carbon atoms) groups having 
a completely conjugated pi-electron system. Examples, without limitation, of aryl 
groups include phenyl, naphthalenyl and anthracenyl. 

5 According to one embodiment, the bond is an ester bond. As used herein 

throughout, the phrase "ester bond" encompasses any bond that includes a carboxy 
(C=0) or a thiocarboxy (C=S) group, such as, for example, a carboxylic ester bond, 
an oxyalkyl carboxylic ester bond, an amide bond, and a thioester bond, as these are 
defined herein. According to one embodiment, the bond is a carboxylic ester bond. 

10 Such ester bonds are known to be hydrolizable by brain derived enzymes, 

such as esterases and amidases, and it is therefore suggested that the conjugates 
presented herein act as prodrugs capable of being metabolized in the brain to thereby 
release GABA (or a GABA compound) or glycine (or a glycine compound) within 
the target brain tissue. This process enables transporting GABA or a GABA 

15 compound) or glycine (or a glycine compound)across the blood-brain barrier 
conveniently, effectively and safely. 

Such ester bonds can be readily formed by reacting a first compound (e.g., the 
first moiety, being a GAB compound or a glycine compound) that has a free 
carboxylic acid group, as defined herein, with a second compound (e.g., the second 

20 moiety, being an analgesic) that has a functional group which can react with the 
carboxylic acid, so as to form a corresponding ester bond. Such a functional group 
can be, for example, an amine (for forming an amide bond), a hydroxy (for forming a 
carboxylic ester bond), a thiol (for forming a thioester bond) or a chloroalkyl ester 
(for forming an oxyalkyl carboxylic ester bond). 

25 Other bonds, linking the first and the second moieties, as described 

hereinabove, can be readily formed by reacting appropriate functional groups of each 
of the first and the second moieties or derivatives thereof. Thus, for example, a 
carbamate bond can be formed by reacting an isocyanate and an alcohol, a 
thiocarbamate bond can be formed by reacting a thioisocyanate and an alcohol, a urea 

30 bond can be formed by reacting an isocyanate and an amine, a thiourea bond can be 
formed by reacting a thioisocyanate arid an amine, and an imine bond can be formed 
by reacting an aldehyde and an amine. 
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The term "free carboxylic acid" describes a -C(=0)-OH group, either as is, in 
its protonated state or in its ionized or salt state. 

The term "amine" is used herein to describe a -NR'R" group, where R and 
R" can be, for example, hydrogen, alkyl, cycloalkyl or aryl, as these terms are defined 
5 herein. 

The term "halide" and "halo" describes fluorine, chlorine, bromine or iodine. 
The term "haloalkyl" describes an alkyl group as defined above, further 
substituted by one or more halide(s). 

The term "ester" describes a -C(=0)-0-R group, where R is alkyl, cycloalkyl 

10 or aryl. 

The term "haloalkyl ester" describes a -C(=0)-0-R group, where R is a 
haloalkyl group as defined herein. 

The term "aldehyde" describes a -C(=0)-H group. 

The term "hydroxyl" describes a -OH group. 
15 The term "alkoxy" describes both an -O-alkyl and an -O-cycloalkyl group, as 

defined herein. 

The term "aryloxy" describes both an -O-aryl and an -O-heteroaryl group, as 
defined herein. 

The term "thiohydroxy" or "thiol" describes a -SH group. 
20 The term "thioalkoxy" describes both a -S-alkyl group, and a -S-cycloalkyl 

group, as defined herein. 

The term "thioaryloxy" describes both a -S-aryl and a -S-heteroaryl group, as 
defined herein. 

The term "isocyanate" describes an — N=C=0 group. 
25 The term "thioisocyanate" describes an -N=C=S group. 

The term "acyl halide" describes a -<C=0)R"" group wherein R"" is 
halide, as defined hereinabove. 

The conjugates presented herein can therefore be readily prepared by coupling 
any first and second moieties that can react with one another, to thereby obtain a 
30 conjugate comprising these moieties linked therebetween. The nature of the bond 
linking the moieties is typically in accordance with the chemical nature of the second 
moiety. The chemical nature of the second moiety can be determined by the 
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chemical nature of the analgesics or the analgesic derivative selected for composing 
the conjugate. 

Thus, according to another aspect of the present invention there is provided a 
process of preparing a conjugate as described herein. This process is effected by 
5 reacting a first compound, being a GABA compound or a glycine compound, as 
described herein, and a second compound, being an analgesic or an analgesic 
derivative, as described herein. 

GABA compounds as well as glycine compounds typically have a free 
carboxylic acid group, as defined herein. Hence, the process described herein may, 
10 according to one embodiment, include reacting a glycine compound or a GABA 
compound, having a free carboxylic group, with an analgesic or a derivative thereof 
that has a functional group that readily reacts with a carboxylic acid group. Further, 
the free carboxylic acid group may be activated, prior to the reaction. Such activation 
•includes, for example, converting the free carboxylic group to an acyl halide 
1 5 derivative thereof. 

Exemplary analgesics according to the present embodiments include 
acetaminophen, which includes a free hydroxy group, and opioids, which typically 
include a free hydroxy group. 

Such analgesics can readily react with a compound that has a free carboxylic 
20 group, e.g., GABA or glycine, via a simple esterification. The resulting conjugates in 
each of these cases include these moieties that are linked to one another via a 
carboxylic ester bond. 

Alternatively, various derivatives of the selected analgesic and/or the selected 
GABA compound or glycine compound, having other functional groups, can be 
25 utilized in the process, so as to form conjugates in which the first and the second 
moieties are linked to one another via other bonds, as is delineated herein. 

In cases where the first moiety and the second moiety are linked via a 
carboxylic ester bond, synthesis of the conjugates presented herein may be effected 
by first converting the first compound into its corresponding acyl chloride derivative, 
30 or any other corresponding activated acyl derivative. The activated acyl derivative is 
thereafter reacted with an analgesic, which typically includes a free carboxylic acid 
group or hydroxy group, in a well-known nucleophilic-addition reaction, so as to 
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obtain the desired conjugate having the second moiety covalently linked to the first 
moiety via a carboxylic ester bond. This reaction may be performed under basic 
conditions, so as to activate reactivity of the first compound and/or to neutralize 
compounds that are present as hydrochloride salts. It should be noted that the first 
compound and/or the second compound can be activated by any other known method. 

In cases where the first moiety and the second moiety are linked via a 
thioester bond, the process of preparing the conjugates described herein may be 
effected by converting a second compound into its corresponding thiol derivative and 
converting the first compound into its corresponding acyl chloride derivative, or into 
any other activated derivative thereof. The thiol derivative is thereafter reacted with 
the activated first compound, by well-known procedures, so as to obtain the desired 
conjugate having the first moiety covalently linked to the second moiety via a 
thioester bond. It should be noted that in cases where the analgesic includes a free 
thiol group, it can be directly reacted with an acyl chloride derivative of the first 
compound. Analgesic drugs which do not include a free thiol group can be easily 
reacted so as to obtain a thiol derivative thereof, by methods well known in the art. 

In cases where the first moiety and the second moiety are linked via an amide 
bond, the process of preparing the conjugates presented herein may be effected by 
first converting the first compound into its corresponding acyl chloride derivative, so 
as to activate the first compound and by further converting the second compound into 
an amine derivative thereof. The acyl chloride derivative is thereafter reacted with 
the amino group of the second compound, in a well-known nucleophilic-addition 
reaction, or by any other of the known procedures for producing an amide bond, so as 
to obtain the desired conjugate having the first moiety covalently linked to the second 
moiety via an amide bond. It should be noted that some analgesics include a free 
amine group and therefore such drugs can be directly reacted with an acyl chloride 
derivative of the first compound. Analgesic drugs which do not include a free amine 
group can be easily reacted so as to obtain an amine derivative thereof, by methods 
well-known in the art. 

In cases where the first moiety and the second moiety are linked via an 
alkyloxy carboxylic ester bond, the process of preparing the conjugates presented 
herein may be effected by converting the second compound into a chloroalkyl ester 
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derivative thereof. The chloroalkyl ester derivative is thereafter reacted with the first 
compound, in a well-known nucleophi lie-addition reaction, or by any other of the 
known procedures for producing an alkyloxy carboxylic ester bond, so as to obtain 
the desired conjugate having the first moiety covalently linked to the second moiety 
5 via an alkyloxy carboxylic ester bond. It should be noted that covalently linking the 
first moiety and the second moiety via an alkyloxy carboxylic ester bond may be 
advantageous in cases where the second compound includes a free carboxylic acid 
group, since it avoids the formation of the typically unstable anhydride conjugate. 

Since both glycine and most of the GABA compounds further have a free 

10 amine group, in any of the processes described hereinabove, the free amine group 
may be protected during the described reaction with the second compound. 
Protecting the free amino group is required since it is a relatively chemically active 
group, which can therefore undesirably participate in the reaction. 

Hence, according to embodiments of the present invention, the process 

15 presented herein is effected by first protecting the free amine group of the first 
compound (e.g., GABA or glycine). Protecting the amine group can be performed 
by reacting the first compound with a known amine-protecting group such as, but not 
limited to, tert-butoxycarbonyl (Boc) and benzyloxycarbonyl (Cbz). The amino- 
protected first compound is then reacted with the analgesic drug, so as to obtain an 

20 amino-protected first moiety covalently linked to the analgesic drug. Once the 
reaction is completed, the protecting group can be removed. 

Using the process described herein, radiolabeled conjugates can similarly be 
prepared, by using, for example, radiolabeled ,4 C-GABA or 14 C-glycine as the first 
compound. Such radiolabeled conjugates can be efficiently utilized for determining 

25 the capacity of the conjugate to cross the blood-brain barrier (BBB) and to release 
GABA or glycine in brain tissues. 

Thus, in an embodiment of the present invention, the conjugate presented 
herein can comprise, as the first moiety, a radiolabeled GABA compound or a 
radiolabeled glycine compound. 

30 In another embodiment of the present invention, such a radiolabeled 

compound can be prepared according to the process described herein, whereby the 
first compound is a radiolabeled compound such as, for example, 14 C-GABA or ,4 C- 
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glycine. Such a radiolabeled compound can be produced using standard methods 
known in the art. 

Determining the concentration of a radiolabeled conjugate in blood and 
plasma and in the brain, and further determining the concentration of a radiolabeled 
5 GAB A or a radiolabeled glycine released in these tissues, following administration of 
the conjugate, provide a straightforward determination of the efficiency of the 
conjugate to function as a carrier for delivering GABA or glycine into the brain. 

Hence, according to another aspect of the present invention there is provided 
a method of determining a concentration of the conjugate described herein in a tissue 
10 of a subject. The method, according to this aspect of the present invention, is 
effected by administering to the subject a pre-determined amount of a radiolabeled 
conjugate as described herein; and 

determining a concentration of the radiolabeled conjugate and/or the 
radiolabeled first moiety in the tissue. 
15 As used herein, the term "tissue" encompasses an organ tissue, as well as 

blood, plasma, and any other biological materials. 

Since the conjugates of the present embodiments are aimed at crossing the 
BBB and release a GABA or glycine compound in a brain tissue, the method 
according to this aspect of the present invention is particularly useful for determining 
20 the concentration of the conjugate or of the GABA compound or the glycine 
compound (the first moiety) in the blood, the plasma and the brain. Thus, the ability 
of the conjugate to remain intact prior to crossing the BBB and to release a GABA or 
glycine compound in the brain can be determined. 

Determining the concentration of the radiolabeled conjugate and/or the 
25 radiolabeled GABA compound or radiolabeled glycine compound can be effected by 
any of the methods known in the art for measuring radioactivity. 

In an exemplary assay, the radiolabeled conjugate can be administered by oral 
gavage to laboratory animals, such as male Wistar rats. At designated time points 
(e.g., 0, 7.5 minutes, 15 minutes, 30 minutes, 60 minutes, 2 hours, 4 hours, 6 hours, 
30 12 hours, 24 hours), rats are euthanized by asphyxiation with air/CC>2 gas followed by 
exsanguinations via the abdominal vein, from which blood and plasma are obtained. 
The brain is immediately harvested and snap-frozen and the radiolabeled conjugate is 
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extracted from blood, serum, and brain tissue homogenates. Total radioactivity is 
assessed by liquid scintillation counting and tissue concentrations of l4 C-GABA or 
14 C-glycine and the corresponding radiolabeled conjugate are analyzed by 
HPLC/radiodetector. Peaks are identified by co-elution (as relative retention time) 
5 with reference standards run under the same conditions in parallel. 

The present invention further encompasses any pharmaceutical^ acceptable 
salt, solvate or hydrate of the conjugates described herein, as well as processes of 
preparing these pharmaceutical^ acceptable salts, solvates and hydrates. 

The phrase "pharmaceutical^ acceptable salt" refers to a charged species of 
10 the parent compound and its counter ion, which is typically used to modify the 
solubility characteristics of the parent compound and/or to reduce any significant 
irritation to an organism by the parent compound, while not abrogating the biological 
activity and properties of the administered compound (herein, the conjugate). 

The term "solvate" refers to a complex of variable stoichiometry (e.g., di-, 
15 tri-, tetra-, penta-, hexa-, and so on), which is formed by a solute (the conjugate) and 
a solvent, whereby the solvent does not interfere with the biological activity of the 
solute. Suitable solvents include, for example, ethanol, acetic acid and the like. 

The term "hydrate" refers to a solvate, as defined hereinabove, where the 
solvent is water. 

20 The present invention further encompasses various crystalline forms 

(polymorphs) of the conjugates described herein, as well as processes of preparing 
these crystalline forms. 

The conjugates according to the present embodiments, by being capable of 
effectively crossing the BBB and releasing free GABA or glycine in the brain tissue, 

25 can be beneficially used in various therapeutic applications in which elevated levels 
of GABA or glycine in the brain are desired. These include, for example, treating or 
preventing CNS -associated diseases or disorders associated with low levels of 
GABA or glycine, reducing adverse side effects induced by psychotropic drugs, 
and/or enhancing the therapeutic efficacy of a psychotropic drug. 

30 Hence, according to additional aspects of the present invention, any of the 

conjugates described herein can be used as a medicament, whereby the medicament 
can be utilized in any of the therapeutic applications described herein. 
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According to an additional aspect of the present invention there is provided a 
method of treating a CNS-associated disease or disorder. The method, according to 
this aspect of the present invention is effected by administering to a subject in need 
thereof a therapeutically effective amount of any of the conjugates described herein. 

5 The term "treating" as used herein refers to abrogating, substantially 

inhibiting, slowing or reversing progression of a disease or disorder, substantially 
ameliorating clinical symptoms of a disease or disorder, substantially preventing the 
appearance of clinical symptoms of a disease or disorder, or substantially reducing 
adverse side effects of other drugs (e.g., psychotropic drugs) being administered. 

10 The term "subject" as used herein refers to a mammal having a blood brain 

barrier, preferably a human being. 

As used herein, the phrase "CNS-associated disease or disorder" encompasses 
any disease or disorder which is related to the central nervous system (CNS). 
Examples of CNS-associated diseases or disorders which are treatable using the 

15 conjugates of the present embodiments, include, but are not limited to, psychotic 
diseases or disorders, pain disorders, anxiety disorders, dissociative disorders, 
personality disorders, mood disorders, affective disorders, neurodegenerative diseases 
or disorders, cognitive disorders, convulsive disorders, boarder line disorders and 
mental diseases or disorders. 

20 Conjugates that comprise a GABA compound are particularly beneficial for 

treating CNS-associated diseases and disorders that involve low levels of GABA in 
the brain. These include, for example, a pain disorder, a motion disorder, an anxiety 
disorder, a depression, a dissociative disorder, a mood disorder, an affective 
disorder, a neurodegenerative disease or disorder, a convulsive disorder, Parkinson's 

25 disease, Alzheimer's disease and epilepsy. 

While, as described hereinabove, low levels of GABA have been associated 
with epileptic seizures, motion disorders such as Parkinson's disease, Multiple 
Sclerosis, action tremors and tardive dyskinesia, and mood disorders such as panic, 
anxiety, depression, alcoholism and manic behavior, the conjugates described herein 

30 in which the first moiety is a GABA compound are particularly useful for treating 
these diseases and disorders. 
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Conjugates that comprise a glycine compound are particularly beneficial for 
treating CNS-associated diseases and disorders in which binding of glycine to 
strychnine-sensitive and strychnine-insensitive binding sites in the brain is 
beneficial. These include, for example, psychotic disorders such as schizophrenia, 
5 motion disorders, neurodegenerative diseases and disorders, convulsive disorders, 
and cognitive disorders. 

While, as described hereinabove, administration of glycine was found highly 
beneficial in the treatment of schizophrenia, epileptic seizures, Alzheimer's disease, 
and in improving learning and cognition, the glycine-containing conjugates 
10 described herein are particularly useful for treating these diseases and disorders. 

In addition, since the conjugates described herein are capable of releasing, 
upon penetrating the brain, an analgesic moiety in addition to the GABA or glycine 
compound, the conjugates, by combining the analgesic effect of both the analgesic 
drug and the GABA or glycine compound, are further particularly useful for treating 
15 pain, and more particularly, neuropathic pain. 

As is further discussed in detail hereinabove, GABA (including any GABA 
compound as described herein) and glycine (including any glycine compound as 
described herein) can be further beneficially used in combination with CNS-acting 
agents. It has been shown that a GABA compound, when used in combination with, 
20 for example, a psychotropic drug, can reduce adverse side effected induced by the 
drug and can further enhance the therapeutic efficacy of the drug. It has been further 
shown that glycine, when used in combination with, for example, a psychotropic 
drug, can reduce adverse side effected induced by the drug and can further enhance 
the therapeutic efficacy of the drug. 
25 The conjugates described herein can therefore be beneficially used in a 

combined treatment that further includes administration of a CNS-acting agent. 

Thus, according to an additional aspect of the present invention there is 
provided a method of reducing a side effect induced by a CNS-acting agent. 

According to yet an additional aspect of the present invention there is 
30 provided a method of enhancing the therapeutic efficacy of a CNS-acting agent. 

Each of the methods according to these aspects of the present invention is 
effected by administering to a subject in need thereof, in combination with the CNS- 
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acting agent, a therapeutically effective amount of a conjugate as described herein. 

The methods according to these aspects of the present invention are highly 
advantageous since the amount of the conjugate, the route of administering the 
conjugate and the time and regime for its administration can be independently 
5 optimized, regardless of the corresponding parameters for administering the CNS- 
acting agent. 

Thus, in each of the methods according to these aspects of the present 
invention, the conjugate can be administered either prior to, concomitant with or 
subsequent to administering the CNS-acting agent. 
10 The therapeutically effective amount of the conjugate, as defined 

hereinbelow, can be determined, depending on the CNS-acting agent used and the 
desired activity, so as to result with an optimal activity of the conjugate. 

In addition, in each of the methods according to these aspects of the present 
invention, the conjugate can be utilized as a part of a pharmaceutical composition, as 
15 described in detail hereinbelow. In particular embodiments, where the conjugate is 
administered concomitant with the CNS-acting agent, both the conjugate and the 
CNS-acting agent can form a part of the same pharmaceutical composition, as is 
further detailed hereinbelow. 

As used herein, the phrase "CNS-acting agent" encompasses any compound 
20 which is capable of exerting a CNS activity. 

The phrase "CNS activity" as used herein describes a pharmacological activity 
exerted in the CNS, which is aimed at treating a CNS-associated impairment. Such a 
pharmacological activity typically includes modulation of neuronal signals 
transduction. 

25 According to one embodiment, the CNS-acting agent is a psychotropic drug. 

Psychotropic drugs are known in the art, and are referred to herein, as 
pharmacological agents that exert activity in the CNS to thereby treat a CNS- 
associated disease or disorder. 

Psychotropic drugs include, but are not limited to, anti-psychotic drugs 
30 (typical and atypical), anxiolytic drugs, anti-depressants, anti-convulsive drugs (also 
referred to herein and is the art and anti-convulsants), anti-parkinsonian drugs, 
acetylcholine esterase inhibitors, MAO inhibitors, selective serotonin reuptake 
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inhibitors (SSRIs) and selective noradrenalin receptor inhibitors (SNRIs). 

Representative examples of psychotropic drugs that can be utilized in 
combination with the conjugates of the present embodiments include, without 
limitation, chlorpromazine, perphenazine, fluphenazine, zuclopenthixol, a 

5 thiopropazate, haloperidol, benperidol, bromperidol, droperidol, spiperone, 
pimozide, piperacetazine, amilsulpride, sulpiride, clothiapine, ziprasidone, 
remoxipride, sultopride, alizapride, nemonapride, clozapine, olanzapine, 
ziprasidone, sertindole, quetiapine, fluoxetine, fluvoxamine, desipramine, paroxetine, 
sertraline, valproic acid, temazepam, flutemazepam, doxefazepam, oxazepam, 

10 lorazepam, L-dopa, lormetazepam, cino tazepam, flutazolam, lopirazepam, 
meprobamate, carisoprodol, acetophenazine, carphenazine, dixyrazine, priciazine, 
pipothiazine, homophenazine, perimetazine, perthipentyl, flupentixol, piflutixol, 
teflutixol, oxypethepin, trifluperidol, penfluridol, meclobemide, norclomipramine, 
amoxapine, nortriptyline, protriptyline, reboxetine, tacrine, rasagiline, amantidine, 

15 duloxetine, phenobarbital, phenytoin, phenothiazine, benzodiazepine and 
butyrophenone. 

The phrase "side effects" as used herein refers to adverse symptoms that may 
develop as a result of administering to a subject a certain drug and particularly a 
psychotropic drug. 

20 Representative examples of adverse side effects often associated with use of 

psychotropic drugs include, but not limited to, rigidity, tremor, bradykinesia, 
bradyphrenia, tardive dyskinesia, catalepsy, acute dystonic reactions and akathasia. 

The phrase "enhanced therapeutic activity" as used herein describes a CNS 
activity as defined herein, exerted upon concurrent use of a conjugate as described 

25 herein and a CNS-acting agent, which is higher than that of the CNS-acting agent 
when administered alone. Such an enhanced therapeutic activity is typically 
characterized by reduced effective concentrations of the CNS-acting agent that are 
required to achieve a certain therapeutic activity. 

The phrase "enhanced therapeutic activity" as used herein further describes a 

30 CNS activity as defined herein, exerted upon concurrent use of a conjugate as 
described herein and a CNS-acting agent, which is accompanied by an additional 
therapeutic activity and thus by an added therapeutic value such as, for example, 
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increased GABA activity, pain relief and the like. Without being bound to any 
particular theory, it is assumed that the enhanced therapeutic activity results, at least 
in part, from an improved balance of neurotransmitters in the brain that is achieved 
by the combined treatment of the conjugates described herein and a CNS-acting 
5 agent. 

A treatment that combines a conjugate as described herein and a CNS-acting 
agent can therefore be advantageously utilized in methods of treating any CNS- 
associated diseases and disorders. 

Thus, according to still an additional aspect of the present invention, there is 
10 provided a method of treating a CNS-associated disease or disorder, as defined 
herein. The method, according to this aspect of the present invention, is effected by 
administering to a subject in need thereof a therapeutically effective amount of a 
conjugate according to the present embodiments and a therapeutically effective 
amount of a CNS-acting agent. The conjugate can be administered prior to, 
15 concomitant with or subsequent to administering the CNS-acting agent 

Any of the CNS-associated diseases or disorders delineated hereinabove can 
be treated by this method, upon selecting an appropriate CNS-acting agent. 

Examples of such CNS-associated diseases or disorders include, but are not 
limited to, neuropathic pain, schizophrenia, paranoia, childhood psychoses, 
20 Huntington's disease, Gilles de la Tourette's syndrome, depression, manic depression, 
anxiety, Parkinson's disease, Alzheimer's disease and epilepsy. 

In each of the methods described herein, the phrase "therapeutically effective 
amount" refers to that amount of the conjugate being administered which is capable 
of (i) relieving to some extent one or more of the symptoms of the CNS-associated 
25 disease or disorder being treated, (ii) reducing to some extent one or more of the 
adverse side effects induced by a CNS-acting agent, and/or (iii) enhancing the 
therapeutic activity of the CNS-acting agent, as is discussed in detail hereinunder. 

The phrase "therapeutically effective amount", when used in the context of a 
CNS-acting agent, refers to that amount of the CNS-acting agent which is capable of 
30 relieving to some extent one or more of the symptoms of the CNS-associated disease 
or disorder being treated. 

A therapeutically effective amount of the conjugate, according to 
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embodiments of this aspect of the present invention, preferably ranges from about 

0.0 1 to about 50 mg/kg body, more preferably from about 0.05 to about 25 mg/kg 

body, more preferably from about 0.1 to about 10 mg/kg body, and more preferably 

from about 0.2 to about 5 mg/kg body. 
5 In each of the methods described herein, the conjugate can be administered 

by any acceptable route of administration. According to one embodiment, the 

conjugate is administered parenterally or orally. 

In each of the methods described herein, the conjugate can be utilized either 

as is, or, can form a part of a pharmaceutical composition, as mentioned 
10 hereinabove. 

Hence, according to a further aspect of the present invention there is 
provided a pharmaceutical composition which comprises, as an active ingredient, 
any of the conjugates described herein and a pharmaceutically acceptable carrier. 

As used herein, a "pharmaceutical composition" refers to a preparation 
15 including the conjugate, as described herein; and other chemical components such 
as physiologically suitable carriers and excipients. The purpose of a pharmaceutical 
composition is to facilitate administration of a compound to an organism. 

Hereinafter, the term "pharmaceutically acceptable carrier" refers to a carrier 
or a diluent that does not cause significant irritation to a subject and does not 
20 abrogate the biological activity and properties of the administered compound. 
Examples, without limitations, of carriers are propylene glycol, saline, emulsions and 
mixtures of organic solvents with water. 

Herein the term "excipient" refers to an inert substance added to a 
pharmaceutical composition to further facilitate administration of a compound. 
25 Examples, without limitation, of excipients include calcium carbonate, calcium 
phosphate, various sugars and types of starch, cellulose derivatives, gelatin, vegetable 
oils and polyethylene glycols. 

Techniques for formulation and administration of drugs may be found in 
"Remington's Pharmaceutical Sciences," Mack Publishing Co., Easton, PA, latest 
30 edition, which is incorporated herein by reference. 

Suitable routes of administration may, for example, include oral, rectal, 
transmucosal, transdermal, intestinal or parenteral delivery, including intramuscular, 
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subcutaneous and intramedullary injections as well as intrathecal, direct 
intraventricular, intravenous, intraperitoneal, intranasal, or intraocular injections. 
Pharmaceutical compositions of the present invention may be manufactured by 
processes well known in the art, e.g., by means of conventional mixing, dissolving, 

5 granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or 
lyophilizing processes. 

Pharmaceutical compositions for use in accordance with the present invention 
thus may be formulated in conventional manner using one or more pharmaceutically 
acceptable carriers comprising excipients and auxiliaries, which facilitate processing 

10 of the active compounds into preparations which can be used pharmaceutically. 
Proper formulation is dependent upon the route of administration chosen. 

For injection, the conjugates of the invention may be formulated in aqueous 
solutions, preferably in physiologically compatible buffers such as Hank's solution, 
Ringer's solution, or physiological saline buffer with or without organic solvents 

15 such as propylene glycol, polyethylene glycol. For transmucosal administration, 
penetrants are used in the formulation. Such penetrants are generally known in the 
art. 

For oral administration, the conjugates of the invention can be formulated 
readily by combining the active compounds with pharmaceutically acceptable carriers 

20 well known in the art. Such carriers enable the conjugates of the invention to be 
formulated as tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, 
suspensions, and the like, for oral ingestion by a patient. Pharmacological 
preparations for oral use can be made using a solid excipient, optionally grinding the 
resulting mixture, and processing the mixture of granules, after adding suitable 

25 auxiliaries if desired, to obtain tablets or dragee cores. Suitable excipients are, in 
particular, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol; 
cellulose preparations such as, for example, maize starch, wheat starch, rice starch, 
potato starch, gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl- 
cellulose, sodium carbomethylcellulose and/or physiologically acceptable polymers 

30 such as polyvinylpyrrolidone (PVP). If desired, disintegrating agents may be added, 
such as cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such 
as sodium alginate. 
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Dragee cores are provided with suitable coatings. For this purpose, 
concentrated sugar solutions may be used which may optionally contain gum arabic, 
talc, polyvinyl pyrrolidone, carbopol gel, polyethylene glycol, titanium dioxide, 
lacquer solutions and suitable organic solvents or solvent mixtures. Dyestuffs or 
5 pigments may be added to the tablets or dragee coatings for identification or to 
characterize different combinations of active compound doses. 

Pharmaceutical compositions, which can be used orally, include push-fit 
capsules made of gelatin as well as soft, sealed capsules made of gelatin and a 
plasticizer, such as glycerol or sorbitol. The push-fit capsules may contain the active 

10 ingredients in admixture with filler such as lactose, binders such as starches, 
lubricants such as talc or magnesium stearate and, optionally, stabilizers. In soft 
capsules, the active compounds may be dissolved or suspended in suitable liquids, 
such as fatty oils, liquid paraffin, or liquid polyethylene glycols. In addition, 
stabilizers may be added. All formulations for oral administration should be in 

15 dosages suitable for the chosen route of administration. 

For buccal administration, the conjugates may take the form of tablets or 
lozenges formulated in conventional manner. 

For administration by inhalation, the compositions for use according to the 
present invention are conveniently delivered in the form of an aerosol spray 

20 presentation from a pressurized pack or a nebulizer with the use of a suitable 
propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane, dichloro- 
tetrafluoroethane or carbon dioxide. In the case of a pressurized aerosol, the dosage 
unit may be determined by providing a valve to deliver a metered amount. Capsules 
and cartridges of, e.g., gelatin for use in an inhaler or insufflator may be formulated 

25 containing a powder mix of the compound and a suitable powder base such as lactose 
or starch. 

The conjugates described herein may be formulated for parenteral 
administration, e.g., by bolus injection or continuous infusion. Formulations for 
injection may be presented in unit dosage form, e.g., in ampoules or in multidose 
30 containers with optionally, an added preservative. The compositions may be 
suspensions, solutions or emulsions in oily or aqueous vehicles, and may contain 
formulatory agents such as suspending, stabilizing and/or dispersing agents. 
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Pharmaceutical compositions for parenteral administration include aqueous 
solutions of the active compound in water-soluble form. Additionally, suspensions 
of the active compounds may be prepared as appropriate oily injection suspensions. 
Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or 
5 synthetic fatty acids esters such as ethyl oleate, triglycerides or liposomes. Aqueous 
injection suspensions may contain substances, which increase the viscosity of the 
suspension, such as sodium carboxymethyl cellulose, sorbitol or dextran. Optionally, 
the suspension may also contain suitable stabilizers or agents which increase the 
solubility of the conjugates to allow for the preparation of highly concentrated 
10 solutions. 

Alternatively, the active ingredient may be in powder form for constitution 
with a suitable vehicle, e.g., sterile, pyrogen-free water, before use. 

The conjugates of the present invention may also be formulated in rectal 
compositions such as suppositories or retention enemas, using, e.g., conventional 
15 suppository bases such as cocoa butter or other glycerides. 

The pharmaceutical compositions herein described may also comprise 
suitable solid of gel phase carriers or excipients. Examples of such carriers or 
excipients include, but are not limited to, calcium carbonate, calcium phosphate, 
various sugars, starches, cellulose derivatives, gelatin and polymers such as 
20 polyethylene glycols. 

Pharmaceutical compositions suitable for use in context of the present 
invention include the active ingredients contained in an amount effective to achieve 
the intended purpose. More specifically, a therapeutically effective amount means an 
amount of conjugate effective to prevent, alleviate or ameliorate symptoms of CNS- 
25 associated disease or disorder or to reduce the adverse side effects induced by the 
CNS-acting agent. 

Determination of a therapeutically effective amount is well within the 
capability of those skilled in the art, especially in light of the detailed disclosure 
provided herein. 

30 For any conjugate used in the methods of the invention, the therapeutically 

effective amount or dose can be estimated initially from activity assays in cell 
cultures and/or animals. For example, a dose can be formulated in animal models to 
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achieve a circulating concentration range that includes the IC50 as determined by 
activity assays (e.g., the concentration of the test compound, which achieves a half- 
maximal activity in the GABA system). Such information can be used to more 
accurately determine useful doses in humans. 

5 Toxicity and therapeutic efficacy of the conjugates described herein can be 

determined by standard pharmaceutical procedures in experimental animals, e.g., by 
determining the IC50 and the LD50 (lethal dose causing death in 50 % of the tested 
animals) for a subject compound. The data obtained from these activity assays and 
animal studies can be used in formulating a range of dosage for use in human. 

10 The dosage may vary depending upon the dosage form employed and the 

route of administration utilized. The exact formulation, route of administration and 
dosage can be chosen by the individual physician in view of the patient f s condition. 
(See e.g., Fingl, et aL, 1975, in "The Pharmacological Basis of Therapeutics", Ch. 1 
p.l). 

15 Dosage amount and interval may be adjusted individually to provide plasma 

levels of the active moiety which are sufficient to maintain the psychotropic effects 
and/or to avert the adverse side effects of psychotropic drugs, termed the minimal 
effective concentration (MEC). Dosages necessary to achieve the MEC will depend 
on individual characteristics and route of administration. HPLC assays or bioassays 

20 can be used to determine plasma concentrations. 

Dosage intervals can also be determined using the MEC value. Preparations 
should be administered using a regimen, which maintains plasma levels above the 
MEC for 10-90 % of the time, preferable between 30-90 % and most preferably 50- 
90 %. 

25 Depending on the severity and responsiveness of the condition to be treated, 

dosing can also be a single administration of a controlled released formulation. 

The phrase "controlled release" as used herein refers to a formulation capable 
of releasing the active ingredient at a predetermined rate such that therapeutically 
beneficial levels are kept over an extended period of time. Suitable controlled release 
30 formulations are well known in the art (e.g., "Remington's Pharmaceutical Sciences," 
Philadelphia College of Pharmacy and Science, 19th Edition, 1995). 

The amount of a pharmaceutical composition to be administered will, of 
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course, be dependent on the subject being treated, the severity of the affliction, the 
manner of administration, the judgment of the prescribing physician, etc. 

According to an embodiment of the present invention, the pharmaceutical 
composition further comprises a CNS-acting drug. The conjugate and the CNS- 
5 acting agent can be provided within such a pharmaceutical composition in a molar 
ratio that ranges, respectively, from about 1:100 to about 100:1, from about 1:50 to 
about 50:1, from about 1:20 to about 20:1, from about 1:10 to about 10:1, from about 
1 :5 to about 5:1, from about 1 :2 to about 2: 1 , or is about 1:1. 

Such a pharmaceutical composition can be further formulated so as to 

10 independently release each of the active ingredients at a predetermined rate. Thus, 
for example, the pharmaceutical composition can be formulated as a core-shell 
capsule in which an active ingredient in the shell is further released, followed by a 
timely-controlled release of the active ingredient in the core. 

Any of the pharmaceutical compositions of the present invention may, if 

15 desired, be presented in a pack or dispenser device, such as a FDA approved kit, 
which may contain one or more unit dosage forms containing the active ingredient. 
The pack may, for example, comprise metal or plastic foil, such as a blister pack. The 
pack or dispenser device may be accompanied by instructions for administration. 
The pack or dispenser may also be accompanied by a notice associated with the 

20 container in a form prescribed by a governmental agency regulating the manufacture, 
use or sale of pharmaceuticals, which notice is reflective of approval by the agency of 
the form of the compositions or human or veterinary administration. Such notice, for 
example, may be of labeling approved by the U.S. Food and Drug Administration for 
prescription drugs or of an approved product insert. Pharmaceutical compositions 

25 comprising the conjugate of the invention, , optionally in combination with a CNS- 
acting agent, formulated in a compatible pharmaceutical carrier may also be prepared, 
placed in an appropriate container, and labeled for treatment of an indicated 
condition, as set forth hereinabove. 

Thus, according to an embodiment of this aspect of the present invention, the 

30 pharmaceutical composition is packaged in a packaging material and identified in 
print, in or on the packaging material, for use in the treatment of a CNS-associated 
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disease or disorder, for reducing side effects induced by a psychotropic drug and/or 
for enhancing the therapeutic efficacy of a psychotropic drug, as described herein. 

Such a packaged pharmaceutical composition is also referred to herein 
interchangeably as an article-of-manufacturing. 
5 In cases where the pharmaceutical composition comprises a conjugate and a 

CNS-acting drug, the conjugate and the CNS-acting agent can be jointly contained 
within a single object (e.g., a tablet or a capsule), or separately within different 
objects. 

10 Additional objects, advantages, and novel features of the present invention 

will become apparent to one ordinarily skilled in the art upon examination of the 
following examples, which are not intended to be limiting. Additionally, each of 
the various embodiments and aspects of the present invention as delineated 
hereinabove and as claimed in the claims section below finds experimental support 

15 in the following examples. 

EXAMPLES 

Reference is now made to the following examples, which together with the 
above descriptions, illustrate the invention in a non limiting fashion. 
20 Unless otherwise defined, all technical and scientific terms used herein have 

the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention belongs. Although methods and materials similar or 
equivalent to those described herein can be used in the practice or testing of the 
present invention, suitable methods and materials are described below. 

25 

EXAMPLE 1 

Synthesis of acetaminophen-GABA Conjugate (HCl salt) - Route I 
The preparation of an HCl salt of an acetaminophen-GABA conjugate (also 
denoted herein as BL-1022 HCl salt or 4-acetamidophenyl 4-aminobutanoate 
30 hydrochloride) is depicted in Scheme 1 below. 
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Scheme 1 



9 Boc 2 O f TEA ° 
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C4H9NO2 

Mol. Wt: 103.12 C 9 H 17 N0 4 

Mol. WL: 203.24 



DCM 




NHBoc 



HCI 



dioxane 



C17H24N2O5 
Mol. Wl.: 336.38 




NH 2 



BL-1022 HCi salt 

C12H17CIN2O3 
Mol. Wl.: 272.73 



5 Materials and Methods: 

4-aminobutyric acid (GABA), N-(4-hydroxyphenyl)acetamide 
(acetaminophen), carbonyldiimidazole (CD1), and N-ethyldiisopropylamine 
(DIPEA) were purchased from Sigma. All other reagents and solvents were 
obtained from known vendors. 
10 HPLC analyses were performed on a system equipped with a Nucleosil CI 8 

column (25 x 4.6 mm), and a UV detector operated at 245 nm, using a 1:1 
CH 3 CN:bufFer as a mobile phase at 1 ml/minute. 

NMR measurements were performed on a 300 MHz AVF 949 BF, using 
DMSO as a solvent. 
15 Water content was measured using Karl-fisher titration. 

Chlorine content was determined by Shapiger's method together with 
mercurrometrical analysis end (titrant: Hg(N0 3 ) 2 0.01328 H. 
Synthesis: 

A 6-liter three-necked round bottom flask equipped with a cooling bath and 
20 a thermometer was charged with 4-aminobutyric acid (167 grams, 1.62 moles) in 
dioxane (1 liter) and water 0.5 liter). Triethylamine (450.5 ml, 3.24 moles) was 
then added and the mixture was stirred for 20 minutes at 10 °C. Boc anhydride 
(353.2 grams, 1.62 moles) was thereafter added at 15 °C and the resulting mixture 
was stirred for 12 hours at 17 °C. Then, 0.5N HCI (5 liters) was added and the 
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product (the organic phase) was extracted with ethyl acetate. The extract phase was 
washed with brine, dried over MgSC>4 overnight and the solvent was evaporated 
under reduced pressure to afford 300 grams of the N-Boc-protected GAB A (91 % 
yield). The compound's structure was confirmed by *H-NMR. 
5 A 12-liters three-necked round bottom flask equipped with a nitrogen inlet, a 

thermometer, a mechanical stirrer and an additional funnel was charged with N-boc- 
protected GABA (422 grams, 2.08 moles) in dichloromethane (DCM, 6 liters). 
Carbonyl diimidazole (CDI, 337.3 grams, 2.08 moles) was added dropwise at 17 
°C, while stirring and the resulting mixture was further stirred for 3 hours. N-(4- 

10 hydroxyphenyI)acetamide (acetaminophene, 314.5 grams, 2.08 moles) was then 
added, the mixture was stirred for 20 minutes and N-ethyldiisopropylamine 
(DIPEA, 359.8 grams, 2.08 moles) was added. The resulting mixture was stirred 
for 24 hours at 17 °C, and was thereafter consecutively washed in a separation 
funnel with 0.1N HC1 (2x5 liters), 0.1N NaOH (2x5 liters) and water (2x5 

15 liters). The organic phase was dried over MgS04 overnight and the solvent was 
evaporated under reduced pressure. The crude product was recrystallized from 
ethyl acetate (5 liters) to afford 437 grams (62 % yield) of the N-boc-protected 
acetaminophen-GABA conjugate. The compound's structure was confirmed by ! H- 
NMR. 

20 A 12-liters three-necked round bottom flask equipped with a nitrogen inlet, a 

thermometer, a mechanical stirrer and an additional funnel was charged with N-boc- 
protected acetaminophen-GABA conjugate (437 grams, 1.3 moles) in 
dichloromethane (DCM, 5 liters). The mixture was stirred for 1 hour and was 
thereafter cooled to 10 °C. 4M HCl (975 ml, 3.9 moles) was then added at 0 °C 

25 while stirring and the mixture was stirred for 15 hours at 17 °C. The obtained solid 
was then filtered put, washed with DCM (3x3 liters) and dried in an over at 55 °C 
for 20 hors, to afford 350 grams (98 % yield) of the final product, the HC1 salt of 
acetaminophen-GABA conjugate (BL-1022 HC1 salt), having a purity of 99.3 %, as 
determined by HPLC. Excess HC1 was removed by recrystallization from 

30 methanol. 

Product Characterization: 

Elemental Analysis: C: 52.96; H: 6.25; N: 10.36. 
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Chlorine content: 13.2 % (± 0.1 %). 

The water content of the product remained substantially unchanged upon 
sitting in vial (uncapped) on the bench overnight (0.15 % vs. 0.16 %). 

The stability of BIL-1022 was briefly studied. BIL-1022 is stable in water 
5 and methanol at low pH (3-5) at room temperature (20-25 °C). 



10 



EXAMPLE 2 

Synthesis of acetaminophen-GABA Conjugate - Route II 




An acyl chloride derivative of y-aminobutyric acid (GABA) is prepared by 
mixing one equivalent of y-aminobutyric acid (GABA) with thionyl chloride (20 

15 equivalents) followed by addition of few drops of dimethylformamide (DMF; 
catalytic amount) to start the reaction. The reaction is refluxed for about 3 to 4 hr, 
and then the thionyl chloride is distilled out under vacuum to obtain the acyl chloride 
derivative of GABA. 

A mixture of the acetaminophen (1 equivalent), an acyl chloride derivative of 

20 GABA (1.1 equivalents) and, optionally, Et 3 N (2 equivalents; used to free starting 
materials found as their HC1 salts) is stirred in 5-10 ml DMF at room temperature, 
under nitrogen atmosphere, for 24 hours. The mixture is then extracted with ethyl 
acetate and water. The organic layer is thereafter washed with 5 % NaHCC>3 and 
brine, dried over MgS0 4 , filtered and evaporated, to thereby generate the 

25 acetaminophen-GABA conjugate. 
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EXAMPLE 3 
Synthesis of acetaminophen-glycine Conjugate 




An acyl chloride derivative of glycine is prepared by mixing one equivalent of 
glycine with thionyl chloride (20 equivalents) followed by addition of few drops of 
dimethylformamide (DMF; catalytic amount) to start the reaction. The reaction is 
refluxed for about 3 to 4 hr, and then the thionyl chloride is distilled out under 
vacuum to obtain the acyl chloride derivative of glycine. 

A mixture of the acetaminophen (1 equivalent), an acyl chloride derivative of . 
glycine (1.1 equivalents) and, optionally, Et 3 N (2 equivalents; used to free starting 
materials found as their HC1 salts) is stirred in 5-10 ml DMF at room temperature, 
under nitrogen atmosphere, for 24 hours. The mixture is then extracted with ethyl 
acetate and water. The organic layer is thereafter washed with 5 % NaHCC>3 and 
brine, dried over MgS0 4 , filtered and evaporated, to thereby generate the 
acetaminophen-glycine conjugate. 

EXAMPLE 4 
Synthesis of Codeine-GABA Conjugate 
The preparation of a HC1 salt of a codeine-GABA conjugate (also denoted 
herein as NL-I-123) is depicted in Scheme 2 below. 
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Scheme 2 




NH-123 

Preparation ofNL-I-116A: 




NL-I-116A 



To an ice-cold stirred solution of N-Boc-protected GABA (250 mg, 1 .23 
mmol) in dry CH 2 CI 2 (12.5 ml), (3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (EDC, 260 mg, 1.35 mmol) and 4-dimethylaminopyridine (4-DMAP) 
(150 mg, 1.35 mmol) were added. After 1 hour the ice bath was removed and 
codeine phosphate semi hydrate (500 mg, 1.23 mmol) and 4-DMAP (410 mg, 3.69 
mmol) were added. After 3 days the solids were filtered and the filtrate was 
evaporated. The residue was purified by silica gel chromatography (using a mixture 
of 10: 1 .5 CHCl 3 :MeOH as eluent), to give NL-I-1 16A (273 mg, 45.7 % yield). 

'H-NMR (600 MHz, CDC1 3 ): 8 = 6.68 (d, J= 9.0 Hz, 1H, H-8), 6.57 (d, J = 



V 
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9.0 Hz, 1H, H-9), 5.66 (dm, J= 9.0 Hz, 1H, H-2), 5.43 (dm, J= 9 Hz, 1H, H-3), 5.20 
(m, 1H, H-l), 5.13 (d, J= 6 Hz, 1H, H-14), 5.08 (m, 1H), 3.85 (s, 3H, H-18), 3.46 
(m, 1H), 3.26 (m, 1H), 3.20 (m, 1H), 3.05 (d, /= 24 Hz, 1H), 2.93 (m, 1H), 2.71 (m, 
1H), 2.52 - 2.38 (m, 7H), 2.15 (m, 1H), 1.9 (m, 3H), 1.44 (s, 9H, H-26) ppm. 

5 ,3 C-NMR (600 MHz, CDCI3): 8 = 172.69 (1C, C-19), 156.08 (1C, C-24), 

146.56 (1C, C-ll), 142.39 (1C, C-10), 130.20 (1C, C-12), 128.86 (2C, C-2 + C-3), 
126.01 (1C, C-7), 119.32 (1C, C-8), 113.52 (1C, C-9), 87.59 (1C, C-14), 79.04 (1C, 
C-25), 67.85 (1C, C-l), 59.43 (1C, C-5), 56.38 (1C, C-18), 46.86 (1C, C-16), 42.76 
(1C, C-17), 42.30 (1C, C-13), 39.94 (1C, C-4), 39.79 (1C, C-22), 34.82 (IC, C-15), 

10 31.29 (1C, C-20), 28.48 (3C, C-26), 25.18 (1C, C-21), 20.61 (1C, C-6) ppm. 
Preparation of NL-I-123: 




NL-I-123 
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NL-I-1 16A (250.7 mg, 0.52 mmol) was dissolved and stirred in a freshly 
prepared 4N HCl/EtOAc solution (20 ml) for 1 hour. The solvent was thereafter 
evaporated to give the product as a white solid (231.6 mg, 97 % yield). 

'H-NMR (600 MHz, D 2 0): 8 = 6.95 (d, J= 9.19 Hz, 1H, H-8), 6.83 (d, J = 
20 9.19 Hz, 1H, H-9), 5.77 (dm, J= 10. 79 Hz, 1H, H-2), 5.61 (dm, 7= 10.79 Hz, 1H, 
H-3), 5.31 (m, 2H, H-l + H-14), 4.24 (m, 1H, H-5), 3.85 (s, 3H, H-18), 3.36 (m, 1H, 
H-16), 3.30 (m, 1H, H-6), 3.2 - 2.8 (m, 8H, H-4 + H-6, H-16, H-17 + H-22), 2.60 
(m, 2H, H-20), 2.36 - 2.09 (m, 1H, H-l 5), 2.01 (m, 2H, H-2 1) ppm. 

13 C-NMR (600 MHz, D 2 0): 8 = 174.18 (1C, C-19), 146.01 (1C, C-ll), 
25 142.96 (1C, C-10), 129.87 (1C, C-2), 129.09 (1C, C-7 or c-12), 127.18 (1C, C-3), 
124.55 (IC, C-7 or C-12), 121.60(1C, C-8), 115.33 (1C, C-9), 87.33 (1C, C-14), 
68.16 (IC, C-l), 61.50 (IC, C-5), 57.14 (IC, C-18), 48.40 (IC, C-16), 41.61 (IC, C- 
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17), 41.22 (1C, C-13), 39.42 (1C, C-12), 38.77 (1C, C-4), 32.91 (1C, C-15), 31.05 
(1C, C-20), 22.61 (1C, C-21), 21.35 (1C, C-6) ppm. 

It is appreciated that certain features of the invention, which are, for clarity, 
described in the context of separate embodiments, may also be provided in 
combination in a single embodiment. Conversely, various features of the invention, 
which are, for brevity, described in the context of a single embodiment, may also be 
provided separately or in any suitable subcombination. 

Although the invention has been described in conjunction with specific 
embodiments thereof, it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, it is intended to 
embrace all such alternatives, modifications and variations that fall within the spirit 
and broad scope of the appended claims. All publications, patents, patent 
applications mentioned in this specification are herein incorporated in their entirety 
by reference into the specification, to the same extent as if each individual 
publication, patent, patent application was specifically and individually indicated to 
be incorporated herein by reference. In addition, citation or identification of any 
reference in this application shall not be construed as an admission that such 
reference is available as prior art to the present invention. 
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WHAT IS CLAIMED IS: 

1. A conjugate comprising a first moiety being covalently linked to a 
second moiety, wherein said first moiety is a y-aminobutyric acid (GABA) 
compound or a glycine compound and said second moiety is an analgesic drug. 

2. The conjugate of claim 1, wherein said analgesic drug is a non- 
steroidal anti-inflammatory drug. 

3. The conjugate of claim 1, wherein said analgesic drug is a CNS- 
acting analgesic drug. 

4. The conjugate of claim 3, wherein said CNS-acting analgesic drug is 
acting upon the opioid response system. 

5. The conjugate of claim 3, wherein said CNS-acting analgesic drug is 
incapable of acting upon the opioid response system. 

6. The conjugate of claim 5, wherein said CNS-acting analgesic drug is 
acetaminophen. 

7. The conjugate of claim 1, wherein said first moiety is GABA. 

8. The conjugate of claim 1, wherein said first moiety is glycine. 

9. The conjugate of claim 1, wherein said first and second moieties are 
linked via a covalent bond selected from the group consisting of a carboxylic ester 
bond, an alkyloxy carboxylic ester bond, an amide bond, an imine bond and a 
thioester bond. 



10. 

ester bond. 



The conjugate of claim 9, wherein said covalent bond is a carboxylic 
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1 1 . The conjugate of claim 6, wherein said first moiety is GAB A. 

12. The conjugate of claim 11, wherein said GAB A and said 
acetaminophen are linked via a carboxylic ester bond. 

13. The conjugate of claim 6, wherein said first moiety is glycine. 

14. The conjugate of claim 13, wherein said glycine and said 
acetaminophen are linked via a carboxylic ester bond. 

15. The conjugate of claim 1, wherein said first moiety is selected from 
the group consisting of a radiolabeled y-aminobutyric acid (GABA) compound and a 
radiolabeled glycine compound. 

16. A pharmaceutical composition comprising, as an active ingredient, 
the conjugate of any of claims 1-15 and a pharmaceutical^ acceptable carrier. 

17. The pharmaceutical composition of claim 16, further comprising a 
CNS-acting agent. 

18. The pharmaceutical composition of claim 17, wherein said analgesic 
drug is a CNS-acting analgesic drug that is incapable of acting upon the opioid 
response system. 

19. The pharmaceutical composition of any of claims 17 and 18, wherein 
said CNS-acting agent is a psychotropic drug. 

20. The pharmaceutical composition of claim 19, wherein said 
psychotropic drug is selected from the group consisting of an anti-psychotic drug, an 
anxiolytic drug, an anti-depressant drug, an anti-convulsive drug, an anti- 
parkinsonian drug, an acetylcholine esterase inhibitor, a MAO inhibitor, a selective 
serotonin reuptake inhibitor (SSRI) and a selective noradrenalin replace inhibitor 
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(SNRI). 

2 1 . The pharmaceutical composition of claim 1 7, wherein a molar ratio of 
said conjugate and said CNS-acting agent ranges from about 1: 100 to about 100: 1 . 

22. The pharmaceutical composition of claim 17, wherein said molar 
ratio ranges from about 1 : 1 0 to about 10:1. 

23. The pharmaceutical composition of claim 17, wherein said molar 
ratio is about 1:1. 

24. The pharmaceutical composition of any of claims 16-23, being 
packaged in a packaging material and identified in print, in or on said packaging 
material, for use in the treatment of a CNS-associated disease or disorder, for 
reducing side effects induced by a psychotropic drug and/or for enhancing the 
therapeutic efficacy of a psychotropic drug. 

25. An article-of-manufacturing comprising the pharmaceutical 
composition of claim 17, being packaged in a packaging material and identified in 
print, on or in said packaging material, for use in the treatment of a CNS-associated 
disease or disorder, for reducing side effects induced by a CNS-acting agent and/or 
for enhancing the therapeutic efficacy of a CNS-acting agent. 

26. The article-of-manufacturing of claim 25, wherein said conjugate and 
said CNS-acting agent are jointly contained within a single object. 

27. The article-of-manufacturing of claim 26, wherein said single object 
is a tablet or a capsule. 

28. The article-of-manufacturing of claim 25, wherein said conjugate and 
said CNS-acting agent are separately contained within different objects. 
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29. The article-of-manufacturing of claim 28, wherein each of said 
objects is independently a tablet or a capsule. 

30. The article-of-manufacturing of claim 25, wherein said CNS- 
associated disease or disorder is selected from the group consisting of a pain 
disorder, an anxiety disorder, a depression, a dissociative disorder, a personality 
disorder, a cognitive disorder, a mood disorder, an affective disorder, a 
neurodegenerative disease or disorder, a convulsive disorder, Parkinson's disease, 
Alzheimer's disease and epilepsy. 

31. Use of the conjugate of any of claims 1-15 in the preparation of a 
medicament. 

32. The use of claim 31, wherein said medicament is for treating a CNS- 
associated disease or disorder. 

33. The use of claim 31, wherein said medicament is for reducing a side 
effect induced by a CNS-acting agent. 

34. The use of claim 31, wherein said medicament is for enhancing a 
therapeutic activity of a CNS-acting agent. 

35. A method of treating a CNS-associated disease or disorder, the 
method comprising administering to a subject in need thereof a therapeutically 
effective amount of the conjugate of any of claims 1-15, thereby treating the CNS- 
associated disease or disorder. 

36. The method or use of any of claims 32 and 35, wherein said conjugate 
forms a part of a pharmaceutical composition which further comprises a 
pharmaceutically acceptable carrier. 
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37. The method or use of any of claims 32 and 35, wherein said CNS- 
associated disease or disorder is selected from the group consisting of a pain 
disorder, a motion disorder, an anxiety disorder, a depression, a dissociative 
disorder, a cognitive disorder, a mood disorder, an affective disorder, a 
neurodegenerative disease or disorder, a convulsive disorder, Parkinson's disease, 
Alzheimer's disease and epilepsy. 

38. A method of reducing an adverse side effect induced by a CNS-acting 
agent, the method comprising administering to a subject in need thereof , in 
combination with the CNS-acting agent, a therapeutically effective amount of the 
conjugate of any of claims 1-14, thereby reducing the adverse side effect induced by 
the CNS-acting agent. 

39. The method or use of any of claims 33 and 38, wherein said conjugate 
forms a part of a pharmaceutical composition which further comprises a 
pharmaceutically acceptable carrier. 

40. The method or use of claim 39, wherein said pharmaceutical 
composition further comprises the CNS-acting agent. 

41. The method of claim 38, wherein said conjugate is administered prior 
to, concomitant with or subsequent to administering the CNS-acting agent. 

42. The method or use of any of claims 33 and 38-41, wherein said CNS- 
acting agent is a psychotropic drug. 

43. The method or use of any of claims 33 and 38, wherein said adverse 
side effect is selected from the group consisting of rigidity, tremor, bradykinesia, 
bradyphrenia, tardive dyskinesia, catalepsy, acute dystonic reactions and akathasia. 

44. A method of enhancing the therapeutic activity of a CNS-acting 
agent, the method comprising administering to a subject in need thereof, in 
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combination with the CNS-acting agent, a therapeutically effective amount of the 
conjugate of any of claims 1-14, thereby enhancing the therapeutic activity of the 
CNS-acting agent. 

45. The method or use of any of claims 34 and 44, wherein said conjugate 
forms a part of a pharmaceutical composition that further comprises a 
pharmaceutically acceptable carrier. 

46. The method or use of claim 45, wherein said pharmaceutical 
composition further comprises the CNS-acting agent. 

47. The method of claim 44, wherein said conjugate is administered prior 
to, concomitant with or subsequent to administering the CNS-acting agent. 

48. The method or use of any of claims 34 and 44-47, wherein said CNS- 
acting agent is a psychotropic drug. 

49. A method of treating a CNS-associated disease or disorder, the 
method comprising administering to a subject in need thereof a therapeutically 
effective amount of a CNS-acting agent and a therapeutically effective amount of the 
conjugate of any of claims 1-14. 

50. The method of claim 49, wherein said conjugate is administered prior 
to, concomitant with or subsequent to administering the CNS-acting agent. 

51. The method of claim 49, wherein said CNS-acting agent is a 
psychotropic drug. 

52. The method of claim 49, wherein said CNS-associated disease or 
disorder is selected from the group consisting of a psychotic disorder or disease, an 
anxiety disorder, a cognitive disorder, a dissociative disorder, a personality disorder, 
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a mood disorder, an affective disorder, a neurodegenerative disease or disorder, a 
convulsive disorder, a boarder line disorder and a mental disease or disorder. 

53. The method of claim 52, wherein said CNS disorder or disease is 
selected from the group consisting of schizophrenia, paranoia, childhood psychoses, 
Huntington's disease, Gilies de la Tourette's syndrome, depression, manic 
depression, anxiety, Parkinson disease, Alzheimer disease and epilepsy. 

54. A method of determining a concentration of a conjugate which 
comprises a first moiety being covalently linked to a second moiety, wherein said 
first moiety is a y-aminobutyric acid (GABA) compound or a glycine compound and 
said second moiety is an analgesic drug, in a tissue of a subject, the method 
comprising: 

administering to the subject a pre-determined amount of a radiolabeled 
conjugate which comprises a radiolabeled first moiety being covalently linked to a 
second moiety, wherein said first moiety is a radiolabeled y-aminobutyric acid 
(GABA) compound or a radiolabeled glycine compound and said second moiety is 
an analgesic drug; and 

determining a concentration of the radiolabeled conjugate in the tissue. 

55. A method of determining a concentration of a y-aminobutyric acid 
(GABA) compound or a glycine compound upon being released from a conjugate 
which comprises a first moiety being covalently linked to a second moiety, wherein 
said first moiety is said GABA compound or said glycine compound and said second 
moiety is an analgesic drug, in a tissue of a subject, the method comprising: 

administering to the subject a pre-determined amount of a radiolabeled 
conjugate which comprises a radiolabeled first moiety being covalently linked to a 
second moiety, wherein said first moiety is a radiolabeled y-aminobutyric acid 
(GABA) compound or a radiolabeled glycine compound and said second moiety is 
an analgesic drug; and 

determining a concentration of the radiolabeled first moiety in the tissue. 
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56. The method of any of claims 54 and 55, wherein said first moiety is a 
radiolabeled GABA. 

57. An acetaminophen-GABA conjugate having the formula: 




58. An acetaminophen-glycine conjugate having the formula: 
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